Research on human capital generally focuses on the regional level, and neglects the relative effects of its distribution between center cities and surrounding suburbs. This research examines the effects of this intra-metropolitan distribution on economic performance. The findings indicate that this distribution matters significantly to US regional performance. Suburban human capital matters more than center city human capital. However, this varies by regional size. Suburban human capital has the biggest effect on regional economic performance in smaller and medium size metros. Center city human capital has a relatively larger effect on economic performance in regions with over one million people.
Introduction
In his classic work on The Wealth of Nations (1776) Adam Smith long ago identified the "acquired and useful abilities of all the inhabitants or members of the society" as something akin to a "fourth factor of production" (e.g. Samuelson and Nordhaus, 2004) operating alongside land, labor and production, noting that: "The greatest improvement in the productive powers of labour, and the greater part of the skill, dexterity, and judgment with which it is anywhere directed, or applied, seem to have been the effects of the division of labour" (Smith, 1776 ; book 1, page 7). Jane Jacobs (1969) later argued that the clustering of talented and energetic people in cities is the fundamental driving force of innovation and economic development, more important even than the efficiency gains associated with the deepening division of labor within firms. Lucas (1988) formalized Jacobs' insights advancing the construct of "external human capital" or "Jane Jacobs' externalities" as playing a fundamental role in the "mechanics of economic development. Cross-national studies (Barro, 1991; 1997) have documented the role of human capital in national economic development, while urban economics and regional research (Florida, 2002; Berry and Glaeser, 2005; Florida et al. 2008) has found that human capital also plays a key role in the growth and development of metropolitan regions.
Virtually all studies of the association between human capital and urban and regional development focus on the relationship between the two at the regional or metropolitan level. Human capital is measured broadly across metropolitan regions on the whole. But following the ideas of Jacobs (1969) and Lucas (1988) on the role of human capital concentration, density and externalities in economic growth and development, it is likely that it is not just the overall level of human capital that matters but its distribution within regions as well.
Metropolitan regions which combine central cities and their surrounding suburbs vary widely: They come in a wide variety of shapes and sizes. Some have concentrated central cities or cores -for example within the greater New York metropolitan area, Manhattan has heavy concentrations of business and also significant concentrations of higher income, higher skill higher human capital individuals. Other regions are more sprawling, take Los Angeles for example, with higher-income, higher skill, higher human capital individuals residing mainly in the suburbs. This is the core issue our research takes up. We focus on the effects of the distribution of human capital within regions-specifically between cities and suburbs -on regional economic performance. To get at this, we empirically examine the effects of the distribution of human capital across core cities and suburbs for 331 US metropolitan regions. We utilize two measures of human capital: the distribution of human capital per population or per capita measured as the percentage of adults with a bachelors' degree or greater, and the density of human capital, that is the number of adults with bachelors' degree or greater per square kilometer. We examine the effects of the distribution of human capital between cities and suburbs on both measures on two key measures of regional economic performance: average metropolitan income and median metropolitan housing prices, while controlling for other factors. We run a series of regression models to capture relative explanatory power between of average human capital level across metros and the distribution of human capital between city centers and suburbs. We examine the effect of the overall human capital level, city and suburban human capital, and other key control variables on our two key measures of regional economic performance. We run the regressions for all metro regions, and also separate into major regional size categories.
The key findings indicate that the distribution of human capital within metros -that is between cities and their surrounding suburbs -matters significantly to regional economic performance. Our variables which measure the distribution of human capital shares for center cities and suburbs explain more of the variation in regional income than the variable for metropolitan human capital overall. Human capital density matters relatively less overall, but increases for smaller regions. The intra-regional distribution of human capital density also adds more to the explanatory power in the housing value regressions. Generally speaking, our findings indicate that suburban human capital matters more than center city human capital. But this varies by regional size. Suburban human capital has the biggest effect on regional economic performance in smaller and medium size metros. But, city human capital has a relatively larger effect on economic performance in the largest metropolitan regions, those with over one million people.
Theory and Concepts
The literature on human capital and regional economic performance is considerable. Ullman (1958) was among the first to highlight the role of human capital on regional development. Jacobs (1969) argued that cities are formed by geographic concentration of diverse activities and highly skilled people. She also drew attention to the distinctiveness of cities vis-à-vis industrial firms. She argued that while firms specialize and divide labor into more specified and productive uses, cities organize natural, industrial and human inputs to facilitate innovation and production. Therefore in Jacobs' view, cities become the key arena for the clustering combination and recombination of skilled individuals that give rise to new innovations which create new work and spur economic development. Lucas (1988) later refined Jacobs' contributions regarding cities and the collocation of skilled people, casting them in terms of the locational advantages that stem from "human capital externalities" -essentially the ancillary benefits that come from the collocation of talented, ambitious and entrepreneurial people. He formalized the role of dense urban areas which localize human capital and information, create knowledge spillovers, and become engines of economic growth. Cities reduce the cost of knowledge transfer, so ideas move more quickly, in turn giving rise to new knowledge more quickly.
A wide range of empirical studies have documented the role of human capital in national and regional growth. Barro (1991) , Rauch (1993) , Simon and Nardinelli (1996) and Simon (1998) all confirm the relation between human capital and growth on a national level. Glaeser (2000) provides empirical evidence on the correlation between human capital and regional economic growth. Firms locate in areas of high human capital concentration to gain competitive advantages, rather than letting suppliers' and customers' geography alone dictate their location. Glaeser and Saiz (2003) find that skilled cities grow, relative to less skilled cities, through increases in productivity.
Other studies find that human capital is becoming more concentrated. Berry and Glaeser (2005) document the growing divergence of human capital levels across cities, finding that the distribution of human capital has gone from relatively even among US metropolitan areas to increasingly divergent.. There are reasons to believe that such divergence will continue (Shapiro 2005) .
Research also finds that human capital is not only associated with higher regional incomes but higher housing values (Shapiro, 2005; Gyourko et al., 2006) . Part of this is via an income effect, where higher incomes create higher demand for housing. This is obvious both in the Manhattan effect which takes place in dense urban cores and in a Greenwich effect which occurs in upscale suburbs. But research has found that other factors also play a role.
Higher income, higher human capital households also exhibit a preference for amenity (Florida, 2002 a, b, c) . Glaeser et al. (2001) indentified an urban amenity premium that works alongside an urban productivity premium to effect housing prices. Gyourko et al. (2006) identified a small number of super star cities which support housing prices far above average, over what their productivity premium might suggest. Florida and Mellander (2010) find additional evidence for this amenity effect, finding that factors which proxy for regional amenity (like the presence of large concentration of artists and cultural creatives) have a significant effect on housing values.
However, virtually all of these studies operate at the metropolitan level. There has been little research which empirically examines the effects of the intrametropolitan distribution of human capital across cities and suburb on regional economic performance -measured as metropolitan average income and median housing values.
There are good reasons however to believe that it does. One strand of urban economics per Jacobs (1969) and Lucas (1988) would suggest that dense concentrations of human capital might gain advantages in productivity and innovation, thus leading to higher levels of economic performance. These denser core areas might also be thought to gain advantages in the provision of the sorts of amenities that have been found to attract highly-skilled, high human capital individuals and households (Glaeser et al, 2001; Florida, 2002 Urban economics gives us a rationale to understand this. Tiebout's classic formulation (1956) shows how individuals and households select specific locations based on their income and preferred bundles of service and amenities. Muth (1961) provides the basic framework to understand the tradeoff between income and housing costs and how it relates to city growth. Cities that increase in income and/or population can be expected to spread out in geography. Cities with traffic congestion or high commuting costs will decrease the incentives to move out from the center.
A recent study by Lee (2010) investigates the sorting of human capital between urban and rural areas. Although the typical expectation is that urban workers will receive a wage premium from agglomeration effects and as compensation for higher living costs, Lee finds that in some cases there is actually a wage premium discount for some urban workers. This is attributed to the greater availability and variety of consumption opportunities available in urban areas. Some workers find increased utility from access to consumption opportunities and don't require additional wages. In this case, high skill workers can be less expensive than lower skill workers and employed with greater frequency. The findings of Lee's empirical analysis of the medical profession support this line of thinking. Hospitals in urban centers have a higher ratio of doctors to nurses, the doctors are paid less, and the nurses are paid more than their counterparts in rural areas. Urban doctors are more likely to be specialists and graduates of more highly ranked medical schools than rural doctors. This is in line with the findings of Glaeser and Saiz (2001) that show how consumption opportunities can attract urban clusters of high skill workers. Lee adds to this line of thinking, showing how these workers may have a rational reason for doing so at a lower wage.
Building from these studies and literature, our research examines the effects of the distribution of human capital between cities and suburbs on regional economic performance. The next section details our methodology for doing so.
Model, Variables and Methods
This section describes our model, variables, data and methods. We begin with our general model. The model is based on the core concepts and theory outlined above. It is designed to empirically test how the distribution of human capital affects regional economic performance. To do so, we compare two different models using the same variables and data. The first model explains regional economic performance based on the average level of human capital across the entire metro. The second explains regional economic performance based on the shares of human 
Variables
The key distinction in this analysis is separating the "city" and the "suburb" in a metropolitan area. Our data is based on the conventional U. We populate the model with the following dependent and independent variables.
Dependent Variables
We employ two commonly used measures of regional economic performance, average incomes and median housing values.
Average Income: Average income captures regional wealth based on wages and salaries. This is perhaps the single best measure of the economic status regional populations relative to one another. Average income includes wage and salary income including net self-employment income; interest, dividends, or net rental or royalty income or income from estates and trusts; social security or railroad retirement income; Supplemental Security Income (SSI); public assistance or welfare payments; retirement, survivor, or disability pensions; and all other income . It is measured on a per capita basis.
Median Housing Value:
This is perhaps the best available measure for the relative demand for space across regions. It tells how much households are willing to pay for housing in the region. Median housing value is the standard measure of housing value. For metros that cross state borders, we calculate separate medians for each state and calculate a weighted average of the medians using the number of owner-occupied houses valued.
Independent Variables:
Metro Human Capital Share: The conventional measure of human capital is based on the percentage of adults with a bachelor's degree and above. Here we use the standard measure of regional human capital based on the percentage of adults (age 25 and older) in a metro with a bachelor's degree or above. Table 1 . Appendix Table A provides descriptive statistics for the variables across four regional size groups -metros with over one million people (size 1), those between 500,000 and one million people (size 2), regions with 250,000-500,000 people (size 3), and regions under 250,000 people (size 4).
Center City Human Capital

(Table 1 about here)
Methods
Our analysis is based on a combination of bivariate correlation analysis and multivariate regression. We include separate regressions for our two dependent variables -average income and median housing value. Based on the model outlined above, we run regressions at the overall metro level first, and then follow with separate regressions which split the human capital variable into center city and suburban shares. To test for region size effects, we also run the regressions for four different size classes of regions: those with million people (size 1); 500,000 to 1 million (size 2); 250,000 to 500,000 (size 3); and less than 250,000 (size 4). In the regressions, all variables are logged and the coefficients are thereby expressed as elasticities.
Findings
To orient the analysis, we start with the results of a simple bivariate correlation analysis (see Table 2 , Appendix Table B presents the correlation results for the metro size groups).
(Table 2 about here)
The results of the correlation analysis, not surprisingly, reveal a close association between human capital and both average income and median housing value at the metropolitan level, with correlations of .676 and .628 respectively. The correlations become just slightly lower when we employ human capital density, .644 for average income and .576 for median housing value. In both instances, the correlations for the metro-level human capital measures are higher than for the metro-level population density measures, .502 and .454 respectively.
We now split the data set by center city and suburban human capital shares.
Turning first to income, the highest correlation is for suburban human capital (.783) share which is somewhat higher than metro-level human capital (.676) and substantially higher than for center city human capital share (.298). The measure for suburban human capital density (.651) also outperforms that for metro human capital density (.502) and center city human capital density (.454) although the measure of center city human capital density performs relatively better than for center city human capital share as per above.
Turning now to median housing values, we find a more muted pattern. The highest correlation is again for suburban human capital share (.678), but it is only slightly better than for metro-level human capital share (.628) and center city share (.584). The pattern changes somewhat when we employ measures of human capital density. Now the correlations for all three measures -suburb, center-city and metrolevel are all relatively similar. The correlation for center city human capital is highest (.584) by a nose, followed by metro-level human capital density (.576) and then suburban human capital density (.567).
The next question is how metro, center city and suburb human capital levels might be related to one another. Figure 1 provides two scatter-plots for this relationship, one for shares, the other for density.
(Figure 1 about here)
The scatter-plots show a clear positive and significant relationship between human capital shares in city centers and suburbs on both scores, with a correlation of .405 based on population and .446 based on density. In other words, higher levels of human capital in city centers increase the probability of finding higher levels also in the suburbs and vice versa. However, the relationship between human capital in city centers and suburbs is not perfectly linear, and does not include exactly the same information. The relationship between the metro averages and the center shares and density levels are not surprisingly more linear (given that the metro average to a certain extent is a function of the centers), with correlations of .706 versus .495. In other words, we find a stronger relation between the human capital shares between centers and metros on average, than we do for the relation between human capital density in metros and centers.
While the bottom two scatter plots (Figure 1) show the expected relationship between metropolitan and center city human capital, the top two show that, while very weakly correlated, there is a great deal of variation across metropolitan areas in both central city and suburban human capital and human capital density. Further, the weak correlation shows that for any given city the urban and suburban values are generally independent of each other. This variation means that investigating these relationships is likely to generate interesting results.
Regression Results
We now turn to the results of our regression models. Based on the model outlined above, we run separate regressions for average income and median housing value. We analyze the models based on metro average shares and density levels first, followed by separate models which distinguish between city center and suburban human capital. We also run the analysis for four regional size classes: regions over a million population (size 1); 500,000 to 1 million (size 2); 250,000 to 500,000 (size 3); and less than 250,000 (size 4), to capture if center city and suburban shares play different roles based on region size. (An appendix reports the results for all regions in models that include regional size dummies to check for any results that may be the result of the smaller number of regions that populate the regional size groups).
The models examine the effects of human capital shares and density on average income and median housing values. We run each regression for all regions and each size class. At top of each table, we illustrate the results for the regressions where metro averages are used as explanatory variables. Below, we illustrate the regression results where the dependent variable is explained by the distribution of human capital shares and density between city centers and suburbs. We also run population density regressions to rule out that human capital is not just a proxy for population density. The population density regression results are detailed in the appendix, but we report for the key results in the text below. Additionally, we control for the share of the land area the metro centers make up. We add this control variable to the regressions based on Model B which splits up center and suburb human capital levels. We report in footnotes under each table for the cases where this control variable is significant.
Results for Median Income
We start with the results for the regressions for median income summarized in Table 3 .
(Table 3 about here)
The results for these regressions suggest that the distribution of human capital within metropolitan areas matters. Save for one case -large regions with more than 1 million in population (eq 2), the R2 values increase when we split metro human capital into center city and suburban shares. The R2 for the overall regression for all region increases from .457 to .610, while the R2s for the regressions for small and medium size regions also increase, going from .559 to .754 for size 2 regions, from .527 to .638 for size 3 regions, and from .293 to .487 for size 4.
Also of interest is the pattern of results for the variables for center city and suburban human capital share. The variable for suburban share is significant in the models for all regions and for each of the region size classes. The variable for center city share is significant in only one case, large regions (size 1), those with over one million people. As this was the only regression where R2 was reduced by splitting human capital, it may be a spurious result. It is also possible that only the largest regions have a large enough core with sufficient human capital to influence the relationship. The latter explanation is somewhat supported by looking at Table A in the Appendix which shows that the average share of human capital is higher in the central cities of largest metropolitan areas than all the other size categories.
However, the suburban densities as well as the human capital shares in centers and suburbs remain approximately at the same level.
We now turn the findings for income and human capital density (see Tables   4 ).
(Table 4 about here)
The results echo the pattern above to some degree. Overall, the distribution of human capital density within regions matters significantly to regional incomes.
Again the R2 values increase when metro human capital density is split between center and suburb human capital density. This increase is .415 to .464 for all regions, from .316 to .328 for size 1 regions, from .150 to .330 for size 2 regions, from .388 to .441 for size 3 regions and from .333 to .423 for size 4 regions. But, the findings here suggest a slightly different pattern in terms of the relative strength of the center city and suburban densities of human capital. Whereas the suburban share of human capital was dominant in the models above, now using the density measure, both center city and suburban shares are significant in the models for all regions and for size 2 through 4 regions. Furthermore, center city human capital density outperforms suburban human capital density for large (size 1) regions, being significant while suburban human capital density is not. This indicates both city and suburban human capital density matter to regional incomes for all size classes of regions. In the largest regions (those with more than 1 million in population) and those with 500,000 to 1 million (size 2) and under 250,000 (size 4) center human capital density explains more than suburban human capital density.
To rule out that human capital is not just a proxy for population, we re-run the regressions but substitute human capital density with population density (see appendix C for these results). The regressions for population density generate significantly lower R2 values than the human capital density regressions above.
Metro population density is significant in all cases but for size 2 regions (eq 3a).
Splitting population density into center and suburb population density does not add much explanatory value, as the R2 values are about the same as in the regression using overall metro-level population density. Both center city population density and suburban population density are significant in the model for all regions. When we parse the sample by region size, the results are weaker and mixed. For large regions, only suburban population density is weakly significant. For regions between 250,000 and 500,000 (size 3) and those under 250,000 (size 4) suburban population density is significant. Neither central city nor suburban population density is significant in the model for medium-size regions (size 2) between 500,000 and one million people. We also ran the same series of regressions for the entire metro level sample but using dummy variables for regional size, to check whether our results were affected by the smaller sizes of some regional groups. The results, summarized in Appendix Table D , are in line with the results above.
Results for Median Housing Values
This section presents the results for the regressions for median housing values.
We begin with the regressions for human capital shares which we summarize in Table 5 .
(Table 5 about here)
Generally speaking, the pattern for these regressions mimics those of the regressions for regional incomes (see Table 3 ), with one caveat: Human capital explains less of median housing values than it does for regional income. Metro level human capital is positively associated with regional housing values in each and every model, for all regions and for each of the four size groupings. Again, when we split human capital into its center city and suburban shares, the R2 values increase slightly in four of the five models -for all regions and for size 2, 3 and 4 regions, but not for larger, size 1 regions. And like the earlier analysis, suburban human capital provides more explanatory power in these models. Suburban human capital share is significant in the regressions for al metros and size 2, 3 and 4 regions. As earlier, center city human capital is significant only in the largest (size 1) regions.
We can expect a positive relationship between density and housing values, since density itself is likely to result when housing values are high or when expansion at the periphery is not possible or restricted. We now present the results for our regressions of human capital density and median housing values (see Table   6 ).
(Table 6 about here)
The key results for these regressions are similar to those for the earlier regressions on human capital density and income (see Table 4 ). Human capital density has a positive and significant relation to median housing values for all regions and for all regional sizes. However, we note the stronger explanatory power for size 1 regions where the R2 is .361, than in smaller and medium-size regions where the R2s range from .150 to .177. Again splitting human capital density into its city and suburban shares adds significantly to the explanatory power of the models in four of five cases -in all the regressions except that for the largest ( size 1) regions where the R2 increase is more minor. For all regions, the R2 increases from .332 to .465, for size 2 regions it improves from .177 to .306, for size 3 regions it grows from .204 to .450 (eq 4), and for size 4 regions it increase from .150 to .347. In contrast to the result for the share of human capital (Table 5 ) the results for these density regressions indicate that city centers play a more important role when it comes to human capital density. Center city human capital density is significant in all five regressions, and it is also stronger than the variable for suburban human capital density. It appears that center city human capital density has a more substantial effect on regional housing values -which makes intuitive sense since density itself may be a function of higher housing values. This explanation is also supported by the fact that suburban human capital density is insignificantly related with median housing values in the largest (size 1) regions.
To once more rule out that human capital density is not just a proxy for population density, we re-run these regressions, but with population density as explanatory variable (see Appendix Table E for these results). Generally speaking, population density explains less of median housing value than human capital density, and the R2s are smaller across the board. Metro population density is positive and significant for all regions and for each and every of the regional size groups. The R2 values are higher for or all regions (eq 1) and large (size 1) regions (eq 2) and fall of considerably in smaller regions. Splitting population density into center city and suburban population density has little effect on the R2 values, and the R2 levels remain low for small and medium size regions, suggesting that population density explains very little, and considerably less than human capital density. We also ran the same regression for all regions but with dummy variables for regional size (see Appendix Table F ). The results are in line with those above.
Conclusion and Discussion
Human capital has been identified as the key driver of regional economic growth and development. A wide body of empirical research has documented the close relationship between human capital and regional economic performance (Florida, 2002; Berry and Glaeser, 2005; Florida et al., 2008) . But while theory suggests that the distribution of human capital within regions is likely to matter, empirical research has largely ignored this issue. On the one hand, a significant body of research (Shapiro, 2005; Gyourko et al., 2006) suggests that incomes and housing values will rise in metros with denser levels of human capital in the center city. On the other hand, many suburbs are location of choice for high-skill, high-income, high human capital individuals and households.
Our research took up this question of the effects of the distribution of human capital between city centers and suburbs on regional economic performance. We ran regression models to examine the effects of the distribution of human capital controlling for other factors on two key measures of regional economic performance, average incomes and median housing values.
Our key findings suggest that the distribution of human capital matters to regional economic performance. First and foremost, in virtually all permutations of our models, the results are stronger when we separate center city and suburban shares rather than for metro-level human capital overall. These results show that the concentration of human capital in central cities and suburbs impacts regional income differently. The density results show that it's not just the concentration of human capital that is important, but also the relative proximity of these high skilled individuals. The income results are in line with the earlier finding of Lee (2010) that central cities need not necessarily support higher wages because residents also gain utility from the diversity of consumption opportunities available in central cities. In suburban areas, incomes have to be higher to compensate the highly skilled for lacking consumption opportunities.
Second, the findings further suggest that suburban human capital plays substantial role. While theory suggests that concentration of human capital at the center should matter (esp. Jacobs, 1969; Lucas, 1988) , the findings indicate that the suburban human capital share is more strongly related to regional income and housing values. This is true for the models for all regions and especially for smaller and medium sized metros. Because of their population size (under one million), most of these smaller and medium size regions require less density. They can grow and develop in a less concentrated pattern, and can support much more fluid and less congested commuting and transportation patterns. Central locations are likely to be less valued by higher-skill, higher income individuals and households. Regional economic performance in these locations does not depend on concentration and density as much as in largest regions.
Third, we find that center city human capital plays a more significant role in the largest metros, those with more than one million people. For the largest regions (those with more than a million people), the variable for center city human capital share explains more of regional income than does that for the suburbs. This result is reinforced by the findings of the regressions for human capital density as well. This makes sense intuitively and brings us back into line with what we would expect per urban theory (esp. Jacobs 1969; Lucas, 1988) . Larger regions, by virtue of their size, require denser patterns to accommodate population growth. They are the regions that suffer most from traffic congestion and burdensome commuting patterns. They are more likely to see considerable premiums for central locations. For these reasons, higher-skill, higher-income families are more likely to prefer central locations in these regions. Our results indicate that when the size threshold of a million people is crossed, the effects of more highly concentrated and dense human capital at the city center really comes into play. Human capital densities increase markedly for metros with more than 3 million people, though the number of these regions is too small to generate statistically reliable results. Metros with more than 3 million people have human capital density of 443 high human capital people per square kilometer compared to 227 high human capital people per square mile for metros between 1 an 3 million people. Human capital in city centers thus appears to play a more pronounced role in regional economic performance for large regions.
Generally speaking, this research compares the impact of human capital on regional outcomes in three dimensions. The first is a spatial dimension investigating central cities and suburbs. The second looks at the intensity of human capital by analyzing the impact from both concentration (share) and density. Finally, these relationships are investigated at an overall level and within population-based size groups. The spatial dimension is always found to be significant. Separating central cities and suburbs generates significant results and increases the explanatory power of the models. The spatial dimension is stronger when investigating regional income levels than for housing value, but remains important. The impact of the intensity of Overall our findings indicate that the distribution of human capital within regions matters greatly to regional economic performance. One limitation of our analysis is that it deals with human capital based on residence. Findings may differ if place of work is used. Indeed we might expect to find stronger central city effects.
We encourage more research which contrasts intra-metropolitan human capital between place of residence and place of work. Most of all, we hope our initial research on this question will encourage further empirical work on this important subject. 
APPENDIX:
